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ARASTIRMA MAKALESI RESEARCH ARTICLE

Use of Solar Panel System in Vermicompost (Worm Manure) Production Facilities as
Source of Energy
Vermikompost (Solucan Giibresi) Uretim Tesislerinin Enerji Ihtiyacinin Giines Panelleri

Sistemi ile Karsilanmasi

Elif YUKSEL TURKBOYLARI", Ahmet Nedim YUKSEL?
Abstract

Agro-chemicals significantly improve quality and crop yield in agriculture and plant production however excessive
use of these agro-chemicals will cause severe environmental problems and health conditions in the following years.
Furthermore, solid organic wastes and residues have become environmental concerns due to rapid development of
industry and population growth. Therefore, vermicompost (worm manure) manure might have a key position
among organic-based alternative products that might improve sustainable and organic agriculture models and
replace chemical fertilizers as well as pesticides. Production and use of vermicompost (worm manure) might be
an effective option for solving this problem.

Electric energy is the most commonly used for production of vermicompost. The location of vermicompost
production facility must be illuminated at all times. In dark places, the worms move on top of the organic substance
and the worms dry and die there. Thus, the production facility must have electricity at all times. This energy might
be supplied with solar panel systems. This method will make production of manures more cost-effective.

In order for a four-unit vermicompost production facility with 15.9 m length to operate effectively, a solar panel
such as 4 kWh, which is larger than the calculated 3.23 kWh, is needed. Sufficient amount of energy cannot be
generated with the system due to reasons such as dirty panel glasses, adverse weather conditions such as cloudiness
and rain, indirect sunrays in the morning and evening and losses. This is why an energy system greater than the
energy demand must be preferred. Energy remaining from the system can be stored in batteries and used later.
Furthermore, remaining energy might be used for covering other needs of the vermicompost facility and this will
reduce energy costs of the facility.

In Turkey, solar panels might be used in every region to supply sufficient electric power. Vermicompost facilities
established for this purpose must be lighted at all times and this shows that use of solar panel system will be
suitable for production. A material portion of electricity demand in the production facility can be supplied with
green energy and fertilizer production will be more cost effective.
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Ozet

Tarimsal tiretimin bitkisel iiretim ile ilgili kisminda, kaliteli ve yeterli verim elde etmek amaciyla agro-kimyasal
maddelerin asir1 kullanimi1 sonucunda zamanla énemli ¢evre ve saglik sorunlarinin meydana gelmesine neden
olmustur. Ayrica hizli endiistriyel gelisme ve niifus artisi ile kat1 organik atik ve artiklarda ¢evre sorunu olarak
ortaya ¢ikmistir. Bu nedenle siirdiiriilebilir ve organik tarim modellerini gelistirerek, kimyasal giibre ve
pestisitlerin yerini alabilecek, organik bazli alternatif {irlinler igerisinde vermikompost (solucan) giibresi 6nemli
bir yer alabilir. Bu sorunlarin ¢dziimiinde vermikompost (solucan) giibresinin {iretimi ve kullanimi etkili olabilir.

Vermikompost giibresinin iiretimi sirasinda, elektrik enerjisi kullanilmaktadir. Vermikompost {iretim tesisinin
bulundugu ortaminin siirekli olarak aydinlatilmasi gerekmektedir. Zira karanlik ortamda solucanlar, organik
maddenin istiine ¢ikmakta ve burada kuruyarak olmektedirler. Bu nedenle, iiretim tesisinde elektrik hig
kesilmemelidir. Bu iiretim maliyetlerini arttirmaktadir. Bunu azaltmanin yollarindan biri elektrik enerjisi yerine
giines panel sistemlerinin kullanilmasidir.

Her bir giibre iiretim {initesinin uzunlugu 15.9 m olan, dort {initeli bir vermikompost iiretim tesisinin verimli bir
sekilde ¢alisabilmesi igin, hesaplanan 3.23 kWh’ten daha biiyiikk 4 kWh gibi bir giines paneli sistemine ihtiyag
vardir. Panel camlarmin kirlenmesi, bulutluluk ve yagis gibi olumsuz hava kosullari, giines 1ginlarinin sabah ve
aksam dik gelmemesi ve kayiplar gibi nedenlerle, sistemde yeteri kadar enerji iiretilmez. Bu nedenle, ihtiyagtan
daha biiyiik bir enerji sistemi tercih edilmelidir. Sistemden artan enerji daha sonra kullanilmak tiizere, akiilerde
depo edilebilir. Ayni1 zamanda fazla enerji vermikompost isletmesinin diger ihtiyaglarinda kullanilarak, isletmenin
enerji giderlerini azaltir.

Glines panelleri, Tiirkiye kosullarinda her bolgede kullanilarak yeterli elektrik enerjisi tiretebilir. Bu amacla
kurulan vermikompost tesislerinde 6zellikle aydinlatmanin siirekli olmasi zorunlulugu, iiretimde giines paneli
sisteminin kullaniminin uygun olacagini gostermektedir. Uretim tesisinin elektrik ihtiyacinm énemli bir kisminin,
yesil enerji ile kargilanmasi ile gilibrenin iiretimi daha ekonomik olur.

Anahtar Kelimeler: Vermikompost (solucan giibresi), Vermikompost (solucan giibresi) iiretim tesisi, Giines paneli, Glines
enerjisi, Elektrik enerjisi
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1. Introduction

Use of chemical fertilizers and pesticides for agricultural production after the World War II increased product
quality and crop yield in a short time and this increase is known as the “Green Revolution” (Schman and Simpson,
1977). Extensive use of the agro-chemicals caused certain environmental problems and health conditions. We
started to experience these effects in the 1970s. Residues of chemical fertilizers found in underground and surface
waters and contamination of drinking and tap waters became alarming problems in those years (Barier-Anderson
and Anderson, 2000).

Residues and accumulations on the products produced with excessive use of chemicals in agriculture are
considered as problematic by consumers and for export of vegetables. Thus, use of chemicals in agricultural
production must be restricted; healthier and safer food production must be ensured. In this way, we should prevent
return of these toxic substances back to the humans and other living creatures through the food chain (Saber, 2001;
Broun and Supkoff, 1994; Cakmakgi et al., 2005; Kitig, 2012).

This is why the agro-chemicals must be used today responsibly and according to the suggestions so that we
can assure sustainable agricultural production and protect human health and environment. Related actions must be
taken and use of agro-chemicals must be restricted as much as possible (Ozkan et al., 2003; Delen et al., 2005).

Our focus shifted to design of sustainable and organic agricultural models and development of organic-based
alternative products that can replace chemical fertilizers and pesticides. Besides plant nutrition aspect of aerobic
compost products, namely their capacity to repress soil-based plant pathogens, was discovered (Hoitink et al.,
1975; Hadar, 1991).

Studies on compost concluded that vermicompost, worm (mesophilic) compost method, has properties superior
to aerobic compost in terms of collecting urban and industrial organic wastes and in terms of product and
processing (Dominguez et al., 1997).

The production process of vermicompost fertilizer confirmed that worms have the capacity to transform
organic wastes and residues into high quality and valuable products in a very short time. Thus, it led to the
emergence of a new form of agricultural production called vermiculture in many countries. Vermiculture can be
defined as lumbricus terrestris culture made for a number of purposes (Simgek-Ersahin, 2007; Eker, 2016).

In case of worm manure or vermicompost, composting process of organic wastes or residues is completed by
worms. In this process, organic wastes and residues are fermented by the microorganisms present in the
environment. When passing through the digestive system of worms, an accelerated humidification and
detoxification process takes place. Coelom fluid in the digestive tract of worms has the capacity to transform all
inorganic materials into organic forms (Tutar, 2013).

Worm manure significantly increases aggregate stability in loamy soils (Aktas and Yiiksel, 2020). Microbial
activity of worm manure is 10 to 20 times more than the soil. This high level of microbial diversity enables
production of chemicals that improve plant growth (hormones and other compounds) as well as enzymes and a
range of compounds that suppress growth of harmful plant pathogens (Logsdon, 1994).

Nutritional elements wrapped with worn mucus and contained in vermicompost fertilizer are dissolved slowly
and they are in a form ready to be used by the plants instantly. Since these nutritional elements are dissolved
slowly, they will not be washed out in the soil and nutritional value will not be lost. Furthermore, worm manure
has a porous structure and this makes it a great soil improver thanks to its high air balancing and water retention
capacity. If used as mulch in the soil, nutritional elements will directly reach to the plant roots through irrigation
(Anonymous, 1992).

Today, vermicompost offers the highest economic benefits out of all methods supporting sustainable
agriculture. This method might be extensively used for repurposing solid organic wastes and residues which have
become alarming environment concerns due to rapid development of industry and population growth. The
vermicompost fertilizer, if produced correctly and properly, will be a bio-fertilizer and bio-pesticide with very high
commercial value (Simgek-Ersahin, 2007).
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The purpose of this study is to focus on the use of renewable energy sources in agriculture. Especially it is of
interest to us to examine the energy needs of a vermicompost production facility from renewable energy sources
(generating electrical energy with solar panels).

2. Materials and Methods

2.1. Vermicompost production facility

In this study, vermicompost production facility was used for tests (Figure 1). Length of a worm manure
production facility starts with 15.9 meters and it is available in any desired length; 20-30-50 meters (Figure 1). Its
width and height are around 1.30 m. After produced by the worms, the manure will be cut from the bottom with
the knife placed 10 to 15 cm high and poured on the conveyor band. The knife will repeat this process a few times.
Then, the manure will be collected in one section of the machine when the conveyor band is operated. An electric
motor with a capacity of 2.2 kWh is required for operating the knife and 1 kWh is required for operating the
conveyor band.

Figure 1. Vermicompost production facility 1. Control Panel 2. Double bladed harvesting knife 3. Conveyor

band 4. Electric motor operating the knife 5. Electric motor operating the conveyor band

2.2. Drying vermicompost

Water content of the vermicompost produced at the production facility is around 80 %. According to the
vermicompost regulation, the maximum level of moisture content in fertilizer must be 35 %. Thus, the fertilizer
will be dried. Purpose of drying process is to reduce the product moisture content down to the allowed level as
soon as possible and by consuming minimum energy however the product quality should not be impaired in any
way (Polat¢1 and Tarhan, 2009). Another purpose of the drying process is to reduce the product volume and thus
increase operational efficiency for transportation and storage of the fertilizer (Giingér et al., 2014).

Fertilizer can be dried under natural and controlled conditions. Drying fertilizer under natural conditions might
expose the fertilizer to environmental conditions that change continuously and this might have negative impact on
product quality. Drying fertilizer under controlled conditions shortens the drying time and improves product
quality as well as other properties (Kara et al., 2014).

2.3. Vermicompost production facility and photovoltaic battery design

Our country has many advantages in terms of solar energy. In our country, insolation times are different each
season. The duration will be 5 hours, in average, during winter but around 7 hours in autumn and spring and around
11 hours during summer (Anonymous, 2019a).

It is concluded that average insolation time in Turkey is 2628 hours per year (7.2 hours per day in average) and
average total radiation capacity is 1311 kWh m? year™! (3.6 kWh m? per day in average) (Kiisek et al., 2016).
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Radiation capacity in the location of this study, namely in Tekirdag province, this is about 1281.2 kWh m year™!
(3.51 kWh m day™!) and this value is very close to the average radiation capacity in Turkey (Yiiksel and Yiiksel-
Tiirkboylari, 2018).

If the location of vermicompost production does not have electricity, if there are blackouts or if the
establishment intends to lower operation costs, solar panels might be used to generate electricity. Consequently,
use of solar energy systems in agricultural production facilities and amount of electricity generated increase
(Yiiksel and Yiiksel-Tiirkboylari, 2018).

A solar panel is a photovoltaic tool that has solar cells and that directly converts sunrays into electric current.
Photovoltaic cells might be organic and inorganic based. Generally, inorganic based photovoltaic cells are used
more commonly because they have output around 15 to 20 % and they are highly efficient (Grétzel, 2009).

Depending on the application, in photovoltaic cell systems, there are photovoltaic cells have photovoltaic (solar
cell) battery group, battery charging regulator, inverter and auxiliary electronic circuits (Anonymous, 2019a;
Koroglu et al., 2010). In this system, a predetermined number of photovoltaic cells are used as source of energy.
In case of overcast weather or insufficient sunrays, the batteries shall provide energy to the system. This system
generally uses GEL (gelled electrolyte sealed lead acid) batteries. Maximum 70 % of the stored energy must be
used in order to prevent battery malfunctions in the short run. Charge regulator is used for preventing overcharge
or discharge of the batteries. Depending on the battery condition, it interrupts the current coming from the solar
panels or current of the system providing the load. If the system will use 220 V and 50 Hz alternating current or
current is to be provided to mains supply, the system must have an inverter (Kdroglu et al., 2010). A 15.9-meter
long vermicompost production system with a height and width of 1.3-meter produces 3 to 3.5 tons of manure per
month. The moisture content of the product is 80 % but it must be dries and the moisture content must be reduced
down to 35 %. When this product is dried, the product weight shall be between 1.2 and 1.4 tons.

3. Results and Discussion

3.1. Energy demand of system

Electricity need of each production unit in the vermicompost production facility is for 2.2 kWh electric motor
used for cutting the fertilizer with a knife. Also, a 1.1 kWh electric motor is used for pouring the fertilizer onto the
conveyor after cutting and for collecting the fertilizer from conveyor. Location of vermicompost production
facilities must be illuminated with dim light. Two or three 10 W LED bulbs will be sufficient for this lighting. The
location of vermicompost production facility must be illuminated at all times. In dark places, the worms move on
top of the organic substance and the worms dry and die there. Thus, the production facility must have electricity
at all times.

The drying process should not be performed under natural conditions and outdoors. The drying environment
must be ventilated for drying the product under controlled conditions and indoors.

The facility to be established will be economical if 3 or 4 production machines are used. For drying the products
under controlled conditions, an indoor space of 150 to 200 m?is required. Greenhouse cultivation structures might
be used in greenhouses for this purpose. Drying can be done in a shorter time by heating the greenhouse soil with
a different method such as using solar collectors (Yiiksel-Tiirkboylari, 2018).

Ventilation need might be calculated according to the base area of the facility. Accordingly, the ventilation
need per 1 m? of base area is 0.033-0.042 m? s™' or 120-150 m*h! (Anonymous, 1993; Yiiksel and Yiiksel, 2012).
Considering the base area, ventilation need in a 150 m? drying facility will vary between:

150 x 120 = 18000m3h~" or 150 x 150 = 22500m3h~* Eq. (1)

Average value is around 20250 m3h! (Eq.1).

The number of mono-phase, 1300 rpm (dd™!), 0.55 kWh aspirator with 60 cm diameter to be used for ensuring
air exchange of 9500 m*h-! might be calculated as follows. The system needs:
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20250/9500 = 2.1pcs Eq. (2)

In order words, the number of aspirators needed is approximately 2 (Eq.2).

3.2. Energy demand of vermicompost system

2.2 4 0.55 x 2+ 0.01 X 3 = 3.23kWh Eq. 3)

For efficiently operating this system, a solar panel system that is greater than the demand calculated, namely
greater than 3.23 kWh, such as 4 kWh because panels can reach their optimum powers only under the optimum
conditions (Eq.3). Sufficient amount of energy cannot be generated with the system due to reasons such as dirty
panel glasses, adverse weather conditions such as cloudiness and rain, indirect sunrays in the morning and evening
and losses (Anonymous, 2019b) This is why an energy system greater than the energy demand must be preferred.
Energy remaining from the system can be stored in batteries and used later. Furthermore, remaining energy might
be used for covering other needs of the vermicompost facility and this will reduce energy costs of the facility.

4. Conclusions

Excessive use of agro-chemicals in agriculture over an extended period of time caused some environmental
issues and health concerns. Therefore, vermicompost (worm) manure might have a key position among organic-
based alternative products that might improve sustainable and organic agriculture models and replace chemical
fertilizers as well as pesticides. It is concluded that worms have the capacity transform organic waste and residues
into a high quality and valuable product within a short period of time.

In Turkey, solar panels might be used in every region to supply sufficient electric power. Vermicompost
facilities established for this purpose must be lighted at all times and this shows that use of solar panel system will
be suitable for production. A material portion of electricity demand in the production facility can be supplied with
green energy and fertilizer production will be more cost effective.
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